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A _Geosynchronous Space Station

The creation, development and fabricatlon of a space statlon In
geosynchronous orbit Is a necessary Intermedlate step to the safe and orderly
progresslon of manned space exploration. While satisfyling the demands of
earth-bound economlc systems through a varlety of ™looking down™ technologles,
the geosynchronous space station, at the edge of space, provides a wide range
of "jooking outward®™ possibillties and an optlonal staglng base for planetary
as wel | as deep space ventures, As the LEO space statlon resides near earth
forming the first step toward atmospheric and gravitational escape, the GEO
station will reslde at the Junctlon between Earth and space -- a last step off
and away from Earth, From GEO, the rigors and demands of a true space
exlstence can be met and solved prior to a full commitment to such uncharted
human endeavor.

Before we beglin to address speciflc deslign questlions related to Géo
station, it is necessary to envision the type and amounts of activity that are
|lkely to be undertaken by GEO station.

One of the primary functions of a GEO statlion wlll be servicing of
satel | I1tes. A slgniflcénf number of satellltes and satellite relcted
materlal already exlIst In geosynchronous or drlfflﬁg geosynchronous orbits.
The NORAD Catalog 1982 |lIsts 75 satellltes In geosynchronous and 143
satellltes 1In drifting geosynchronous orblts. Of these 218 satel | ltes,
42 are +totally disabled. Also, smaller pleces of material are known
to be adrift In geosynchronous orblit. Thus, approximately two-thirds of
the satellltes 1In geosynchronous orblit need to be removed from orblt,
refurbished or stabillzed In orblit. GEO orbits, especlally In the more
desirable longitudes, are crowded and cluttered. These orblits must be
cleared to make room for both exlsting and future operatlional satel | [tes.

Aslde from the obvlous advantages of on~site satel | Ite servicing, the



presence of GEO station must be compared to similar services made available
from LEO station. Whereas LEOQO activities at geosynchronous orbit distances
require a slzeable commitment to propulslon and guldance systems In a
reusable orbltal transfer vehicle (0TV), simllar activities conducted from
GEO statlon would require a modest orbltal maneuvering vehlcle (OMV) usling
small amounts of fuel and minor guldance systems. Space Junk In GEO orbits
could be retrieved and reutillizedby a GEO station thus accomplishing two
prime mission tasks; clean up of geosynchronous orbits and fabrication or
refurbishing of operational satellltes. All of +this could be achleved
without paying +the price of ascending and descending the "gravity wel "
+hat exlists between LEO and GEQO orbits. Also, a GEO orbit OMV could
serve to locate, map and pollce the drifting ‘orblts of space Junk *to
prevent collislons with operational satel|ltes or even the GEO station,
Itself.

GEO station will also be a focal polnt for communications. Actlivities
such as earth communication relays, survelllance of earth resources and
human impacts, weather prediction and monitoring, site locallzatlon and
milltary survelllance can be supported using an antennae farm In
geosynchronous orblt. The fabricatlon, operation and repalr of large antenna
could be accomp| ished from the GEQO statlon itself., Laser ranging and dliscrete
laser communicatlon channels can be achleved. I1f attention Is directed
outward, a wide range of astronomical activitles are possible, deep
space communication 1Is much enhanced and a space control station for
both manned and unmanned Interplanetary spacecraft seems both highly
deslirable and quite feaslible.

The above appllications can suffice to carry much of the Initlal cost of

a GEO statlon as well as the contlnulng operational costs. As wlll be seen




later, many other GEO statlon activities will help bear the cost burden of
GEO. Yet, GEO station prbvldes a unique opportunity for sclence and
technology developments cruclal +to the continulng developﬁenf of a space
program.

A geosynchronous orblit, at the edge of space, offers a multitude of
sclence opportunities not currently enjoyed and not possible from LEQ station.
Yirtually every sclence area can be I[Impacted == geophyslical,
astrophyslical, astronomical and even |ife sclences. Long observation
perlods, large synthetic apertures, large basellnes and a8 hostile radiation
belt make this an excellent research environment for sclentists. These
possibilities do not exist for LEO station. And, glven the appropriate
conditlons of autonomy, lf Is llkely that a whole class of new science
opportunities will arlse with the advent of GEO,

Many appllcafloﬁs and technologlcal actlvities for sclence could also be
explored while working aboard the space station. The technologies used for
satel | i1te refurbishing, for rauflllzafjon and for fabricatlon can be carrled
over to various sclence technologles. Rather fhﬁn abandon old
exper Imental apparatus and Ighore space Junk, the GEO statlion wil| seek means
for processing materlals such that most mass is conserved. Reprocessed Junk,
sclence experiments, asteroid material, and lunar materlal will be the baslis
for new fabricatlons using robotic machining and assembly methods. Serious
attentlon will be given to blomaterials and structures, as well. The whole
appllcations and technologies effort will emphasize conservation actlivities
since 1t Is clear that eventual deep space manned missions will depend upon
such conservation,

Another potentially Important and profitable use of the space station Is
for manufacturling and materlal processing. The GEO statlon provlides an

opportunity to support manufacturing technologles with a varlety of raw




materials unavallabie to LEO station. Gravity free technologlies can be
put In place with ore processing and material recovery challenges very
different from those experlenced at LEOQ station. Solar cell technology will
grow and new VLS! clrcult fabricatlion techniques wil| abound,

Both the processes to create "stock™ materlals and the actual forming
and fitting of these materials wil| be achleved. A work bay and satellite
recovery bay can be used for satelllte refurbishing, Initially, and for
fabricatlon eventual ly. Asteroid and lunar materials wil| be processed with an
eventual tremendous savings over conventional material use In the
fabrication of large space structures as well as deep space vehiclies and
probes.

A GEO space station could alsobe used for survell lance, having both
military and commerclal-Industrial applications. The simple fact of
continuous monlitoring of +the earth's surface ylelds signlficant military
advantages. Also, such monitoring can ald In Industrlial and commerclal
planning. Changing weather, altered agricultural productivity, and even a
variety of mining actlvities can be monitored. Envlironmental and soclal
disasters could be evaluated and reacted to In very rapld, definite ways.
Aslde from crop monitoring, Insect Infestatlions, weather monitoring and
dlsaster evaluation, the GEO station coul{d aid In water and alr monltoring,
ocean utilization and global habitabif ity monitoring. Further, air trafflic,
ship traffic and even ground transportation could be Identifled, monitored
and control led. Finally, assurance of mlllitary compllance with treaty
guldel Ines should ald In Implementing better International relatlons.
Neither active offenslve or defensive roles for the military seem
appropriate since a GEO station, |ike LEQ station, Is readlly neutrallzed.

The space station would be Invaluable as a technical proving ground.




Notably, GEO station can test the technlical accomp!lishments of LEO +to
ascertaln the usefulness of such technologles In a deep space setting. Also,
technologles related to meteorold shielding and radiation protection can be
developed In GEO orbi+ with the expectation that this space environment best
simulates deep space. Other technologles can be developed on a need and
"boot-strap™ basls; additlional power systems, useful robotlics and Induced
radial acceleration gravity are |lkely candldates for such developmental
expans lon. F!na.l ly, the remote and long duration periods in GEO statlon will
test the adequacy of biomedical systems as wel| as psychosocial systems.

The hostile environment of geosynchronous orbit makes extraordlnary
demands not eas!|y buffered by the proximity of earth. Thus, GEO station
exempl ifles the best simulation of Interplanetary space yet affords emergency
access, If needed, to the hospital ity of earth., In such an environment, the
GEO statlion must support long term habitatlion without sacrifice of the human
productivity or human creativity so much desired In manned space
activities. These conditions must be met without exceedingly high payload
costs. At least one new technology, a Controlled Ecologlcal Life Support
System (CELSS), should be evolved to preserve mass. The need for a CELSS In
GEO statlion Is not great but to have such a system Is a first step fo station
Independence. Long term space habitation wili, undoubtedly, call for a CELSS.
Manned spacecraft vlisits to other planets can be more desirable with a good
CELSS. And, a large GEO statlon with a fully operational CELSS can provide an
alternative to |1fe aboard spacecraft Earth.

In the not too distant future, when space exploratlion becomes feasible,
the GEO station would be an excel lent staging site and quarantine area. Since
the GEO statlon would be at the edge of deep space, It could serve as a place
to assemble Interplanetary vehicles and probes. GEO station could

eventual |y become a mode! for "stand-away" sclence and exploration stations




which could be moved to proximity with asteroids and, even, neighboring
planets. GEO statlon can, of course, be the stopover site for returning space
flights from lunar and/or planetary missions. As such, a range of retrofi+t

services, resupply activitles and quarantine roles can be accommodated:

(1) Assembly of space vehicles and probes In GEO orbIit would el iminate
manystructural needs and propulslon wastes encountered by such systems if
+hey were constructed on Earth. Crlitlical components, newly Installed or
retrofits, could be manufactured on earth or In LEOQ station. Butoverall,
the largest amount of vehlcle mass could be kept away from the speclal
needs and |arge expense of descending and ascending the gravity wall.
(2) As a mode! for other planetary or asteroid monitoring stations, GEO
statlon would represent the development of true space technology to a
point of conflidence and unassalled self-sufficlency. A modern GEO station
clonecould be bullt on site and could be pulled out of orbit *to
undertake new Interplanetary endeavors.
(3) The presence of GEO station will allow lunar vehicles as well as other
manned space vehlcles a reaclimation and resociallization polnt near earth.
The bliomedlcal adaptatlons necessary for returning to Earth could be achleved
and exposure to the pace of Earth |Ife could be done slowly. Importantly, the
ever present possibility of earth contamination could be much reduced by the
transfer of crew personnel to a shuttie used exclusively for the purpose of
crew <transfer. in this latter role, GEQ station could serve as a
biomedical/psychosocial quarantine area for personnel returning from long
duratlion space missions.

0f course It would be presumptuous to Imagine that we can currentiy

envision all of the opportunities presented by GEO station. Mundane, but




less wel| developed Ideas are sure to emerge. Power generatlon sltes
have been proposed previously. Mirror farms could [!|luminate citlies,
Increase crop growing seasons and provide emergency [ight for night
searches in the sea or over Inhospital terraln. A modest amount of
station mobllity could accommodate a host of other wuses. But the
mainstays of a GEO statlon design will be Independence and flexIbllity.

Considering all of these possible functions and services of a GEO
statlon, the question arlses as to whether or not people should be resident In
these activities. The cost factor of manned space actlvity Is very large and
the scope of activities that can be supported Is much reduced by the need
to provide for people In a space environment. 1+ 1s usually argued
that automation, telepresence, expert systems and robotics can suffice
for most space actlvity. Proponents of manned space activitles argue for
the unmatched abillitles, flexibllity and Ingenulty of man -- traits oftfen
required to make varlous space actlvities successful. All of these and
other Issues aside, It seems most compelllng that the rank and flle In
this country simply wish to Identify with +the frontier traditions of
exploring uncharted territorles and chal lenges. More directly, we can
ldentify with other people =~ not with machines, robots or other fabrlications
of our technical and industrlal world.

To date and for the Immedlate future It Is not Illkely that artificlal
Intel | Igence could replace people. Smart robotics are still relatively
crude having poor manipulation and perception capabilitles as well as crude
declsion maklng potentlal. Spéclaltzed, we| |~deflned tasks can be
performed rapidly, accurately and efficlently by a varlety of automated
systems but even modest amounts of versatliliity remain to be achlieved by these
systems.

The varlety of unexpected situations that are |lkely to occur In a high



technology clrcumstance such as space has already been documented In the
shuttle program. Recalclitrant hardware, In waste systems or on
satel | ites, has been fixed by astronauts. No automated robotlics system could
have shown the flexibllIty or resourcefulness that was demonstrated by the
astronauts. Probability favors the continued occurrence of unexpected
situations that demand the attention of people. Presumably, the use of
automated systems will save astronaut time for exactly those occasions that
need flexibillty. AThus, maxImum manned usefulness In space calls for a
careful Integratlion of manned and automated activities. .

Since we envislon GEO statlon as an enabl Ing technology proving ground,
It fol lows that the type and nature of activitles on board must evolve toward
a rhbre comfortable presence of man In space. Opportunities for
evolutlon are exquisitely human tralits and are best recognlzed by humans on
site. Release from the mundane tasks will allow GEO statlon Inhabitants +to
use their Ingenuity and creativity to frultfully Investigate new "looking
down™ and "looking outward" possibilitles. The stresses and stralns of
survival can be replaced by the time for recreation, Imagination and
resourcefulness exerclses. Given the opportunities that wlll be avallable to
people In GEO station, 1t will be Important to make this opportunity for
Inventiveness and creatlvity avallable to as many people as possible. In
other words, the physical environment and the technical assistance wlli evolve
such that the primary need will be for human presence and human creatlvity.

As far as provlding a long-term deslirable habitat in space, the GEO
station can serve as the ultlImate proving site for a self-contalned,
independent colony of people. Through the development of sophisticated
CELSS arrangements and biomedical provisions, man can begin to Ilive, work

and thrive In a deep space environment. Minlature versions of GEO statlions




can then embark upon long exploration misslons with the confldence that
deep space problems have been mastered. These stations can be the site for
dealing with a wide varliety of planetary hazards and environmenfs. And,
such statlons can become the means through which the resourcés of other
planets can be tapped. The known problems of space and thelr solutlions will
be at hand whereas the unknown problems of each different surface environment
wll| represent new challenges. Earth can't be the direct support base for all
of the envisioned space activities. Nor Is It I|lkely that we wlll be patlent
with a leap frog arrangement of lunar base, then Mars base etc. We will want
parallel efforts and we will want to go In many dlrections at once. Only the
GEO station technologies and the prototypes GEO station promises will support

the year 2000 plus adventures of man.




Eeosynchronous Space Station?
l. GEO Station Actlvity Overview

2005 201Q

Usage Revenue Usage Revenue
Sclentiflc 2 4 1 2
Communlcation 1 1 3 3
Industry 3 2 4 5
Mllitary 4 3 2 1
Satellite Serv. 1 1 4 4
Stagling Base 5 5 1 "2

1 = most Important 5 = least important

launch year : 2005 with 10 crew members
year : 2010 will have 15-20 crew members

1!. GEO Statlon Physical Overvliew
Yeight (metric fons)

Maln Station 25-30
ShieldIng(station) 10
Gravity Module 15
Shielding(module) 5
CELSS 20
Robotlcs 20
Power 4

{1l. Differences between GEQO and LED

A. Radlatlon types and levels.

Predicted Dose In Rads (1 yr. In shielded, 4 Ib/ffz, workspace)

Trapped and

Orblt Cosmic rays Solar Flares Iotal
LEO (400 km, 30° inc.) 32 -— 32
Geosynchronous 300 250 550

The primary particie radiations In GEO are solar protons during peak
solar activity and trapped electrons. Primary cosmic rays are also
signiflcant, most notably the High Charge and Energy (HZE) particles
which have a Qual ity Factor estimated between 12 and 40.
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B. Distance
GEC = 22,236 ml.

35,785 km
5.61 Earth Radli

C. Atmosphere

leo
Particle Density 1?§cm'3
Density 10'°gr.cm”
Temperature 600-1900 K

D. Geostatlionary In space

Space Statlon In GEO stays over the same location on the earth's
surface at al | tImes. Remote free flyers could provide continuous

3

LEO = 227 ml. ave.
366 km ave.
0.06 Earth Radll

GEQ

20cm™>
very tiny
very cold

observation from a geostationary reference point.

Space Station In LEO orbits earth about once every 1.5 hrs.
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Badlatlion Shlelding

/ Perhaps the single most critical factor unique fo a geosynchronous orbit
Is the Inherent radiation danger, The aititude (5.61 'RE) of the
geosynchronous orbit overlaps with the radiation trapped In the magnetic field
lines of the Yan Allen belts. High energy protons, electrons, and charged
nucle! of both solar and cosmlc orligin become concentrated along these
magnetic fleld lines. The total lack of atmospheric filtering at GEO further
Increases the radlation hazard. The total predicted radiation dose for a one
year exposure In GEO Is 550 rads with current shlelding, approximately ten
times +that of a LEO Inclined at 90 degrees. Solar flares also present a
greater danger In GEO since the statlon will be shielded from the sun only 64
hours each year,

Clearly, the station wll! have to Incorporate radiation protection
methods superior to the simple aluminum bulkheads now employed. This
technology must be developed for manned deep space misslons to become
possible. The GEOQ statlion wili serve as an Ideal proving ground for radlatlion
protection technologies. The options we examined In the design process
Included bulk, magnetic, electromagnetic, and plasma shielding.

Bulk shlelding, while simple and effective for all forms of radlation,
exacts a high mass penalty for adequate protection required at GEO. Also, as
radlation particles pass through the shielding material, Bremmstrahlung, or
braking radlation, Is produced (Dlagram RP.1).

Magnetic shlelding operates by setting up a magnetic fleld about the
protected area. It has about a 70f welght savings over bulk shieldlng for
large volumes such as considered here. This method produces diffuse
synchrotron radlation as opposed to higher energy Bremmstrahlung radlation

(Dfagram RP.2),

12
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In electromagnetic shielding, the shielded volume Is malntalned at a
potential difference of several milllon voits with respect to infinity. This
voltage difference will repel particles of slimllar charge. -However, It wili
attract particles of opposite charge. Since radlatlion with both charges
exlIst In geosyncronous orblt, electromagnetic shielding can produce serlous
problems.,

Plasma shielding, If developed to an operational stage In time +to
Incorporate 11 Into a GEC statlon, has both mass and protection advantages
over the other methods dlscussed above. A hybrid of electrostatic and magnetic
shlelding, It maintalns an electron cloud within magnetic fleld Ilnes
generated around the station by superconducting colls. Particles of both
positlve and negatlve charge are kept separate from the |lIving environment
(Diagram RP.1). However, the magnetic fleld restricts the statlon shape to a
torus.

Due to mass savings, superlor radlation protectlon, and adaptability to
deep space misslons, plasma shilelding has been selected as the method o
protect the hablitability module of the GEQO statlon. This station will have
the baslic shape of a torus composed of elight cylinders, 15 m long with 4.5 m
dlameters. This shape allows for plasma shielding, 1If avallable at design
stage, or magnetic shielding, "1f not. Such shielding need not be contlnuously
operative since |Ight bulk shielding should be sufficient 708 of the time.
This design meets criterla for medularity and thus expanslion, and also for

standardization and therefore utillzation of LEO station components.

Protection Agalnst Meteoroids
Impacting meteorolds and drifting space Junk pose a serlous threat to the

operational capabllity and securlty of long term missions and large space

structures such as the GEO station. Unmanned spacecraft typlically rely on

13
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small slize (lower Impact probabllity) and system redundancy to elude fatal
damage from space obstacles. However, persistent and unpredictable satel | ite
fallures, attributable to meteoroid Impacts, clearly Indlcate that such
approaches are unacceptable for large, manned space statlons. Therefore, to
ensure the long term survivabillty of a GEO station, It Is Imperative that
meteorold penetratlion info the statlion Is minimized as much as posslible.

The Geo station can utlllze either active or passive approaches to reduce
the risk of Impacts. Actlve measures, consldered for drifting space junk,
consist of tracking and destroying Incoming particles. However, such measures
are nelther reallstic nor economically feasible for eliminating minute, high
veloclty meteoroids. Passive measures, which Include reducing threatened
surface areas and varlous forms of shielding, provide considerable protection
agalnst any type of projectile In the vicinity of the station. Of these,
shlelding Is the only viable optlon for assuring rellable, long term
protection of the GEO station.

There are several different types of shielding available for use on a
space station. Early manned misslons employed thick walls as a shleld against
meteorolds, but thls approach ylelds unreasonably heavy structures for large
spacecraft, Excellent shielding with substantlally less welght can be reaiized
by double-wall structures which were used on Skylab and are Intended for use
on the European GIOTTO spacecraft. In double-wall shlelds, a +thin bumper
shleld is used to vaporize the Impacting meteorold and a thicker backup shield
(usually the wall of the spacecraft itself) takes the Impact of the resulting
vapor cloud. Since the vapor clouds spread proportional to the dlistance
between the shlelds, the Impact on the second shield Is distributed and tends
to bend the shleld rather than penetrating It at a single polnt., Lightwelght,
but rigld materlals make the additlional weight of a double shileld

Insignificant In comparison to the welght of the entire space station
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structure. One flnal advantage of the bumper shleld 1Is its simultaneous
functlon as a radiation shield, thus | imiting both heat loss to space and heat

transfer to the cold superconductors of the plasma shlelding.

JTherma! Conslderations

In GEO, malntalning a thermally stablllzed and habitable environment,
with average temperatures between 68-700 F, Is no easy chore. To rotate the
statlon In an attempt to simulate fhe therma!l distributions found on earth
would cause undeslirable gravity gradlents, stretch the complexity of the
station to Its |Imits and use costly power for meintenance. Furthermore,
simple rotation wlill not even begin to solve the clrculation and coolling
prgplem that will exist in GEO station, for the sun Is only an external source
of heat. Many more sourcesAemIT heat from within GEO statlon., Therefore, an
ammonla heat plpe circulation system will be used throughout the station.

During the spring and fall the statlon will move into the Earth's shadow
and stay there a blt longer each day untll at equinox the shadow will occult
the station the longest: 69 minutes. Durling these dark perlods no power may
be pulled from the éclar arrays and the fuel cells wil !l operate at 50kw
max Imum. Insulation and other passlive measures must be taken to ensure
sufflclent warmth at these times, GEO statlon will use 6 layers of Mylar
Insulation between the meteoroid bumper shlelds. I+ will also draw heat from
the stored water, used as a thermal reservoir and heated durling times when
the Earth's shadow Is not present,

The solar arrays provide 215 kw of power when In sun (which is 99% of any
year), which eventually becomes waste heat. To cool the statlon and mzintaln
an even temperature requires radiating thls waste heat away. But the 1§ of
the time that the station Is In shadow Imposes the restriction that only 60 kw

may be dlrectly radiated from the statlion walls. One hundred and sixty square
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meters of radlators wlll be used to shed the remaining heat. The radlators
will be placed on the support structure that anchors the solar arrays. Heat
Is pumped through them using the statlon circulation system The radlators
are shaped |lke chevrons (a heraldic symbol used on gas station signs) +to
provide meteoroid protection for the heat plipes which will radiate in space 2t
1 kw of heat per square meter. However, as previous!y mentlioned, 99% of the
time +these radlators will be In the sun and will not radlafé heat out.
Furthermore, the station wil! be fully exposed to thee sun, Therefore, GEO
station will have a parasol of approximately 2,000 square meters between It
and the sun. Thls shade wll| conslst of the solar arrays, the solar |ight
collectors, and aluminum foll <o flil In any gaps. I+ wlll allow the
radlators to shed heat effectively and wil| keep the station within a
predicted temperature clircumstance; a far more manageable engineerling

situatlion.

Power

In order to provide energy to the varlous experlmental laboratories, Ilfe
support systems, shlelds, manufacturing facllitles and ordlnary daily
amenlties, GEO station must be able to provide large amounts of power at a
relatively low cost. Many power sources exist to choose from: nuclear
plants, solar arrays, solar dynamlcs, fue! cells, flywheels and batteries.

Nuclear power sources are |Ight and relatively low in cost., They are not
dependent on sunlight to produce power and can fit Into a small volume. But,
nuclear wastes are toxic and the plant must be heavily shlelded. Speclal
handling 1s necessary and rellabllity Is low. For these latter reasons,
nuclear power was not chosen for the GEO statlon. However, space exploration
much beyond Mars cannot be accomplished effectively with short term or sun

rellant power sources, and nuclear power for deep space travel must be
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further explored as an eventual enabling technology.

The current developments In solar arrays makes them superlor to solar
dynamlics. Sixty-eight percent efficlency Is expected by the year 2000 usling a
minlature Casslgrainlan concentrator concept with a multi-band-gap cell (see
Figure PW-1). The sun's energy Is concentrated, wusing a minlature
Cassegranian mirror, onto a cell constructed of layers of photovoltaically
active materlals. Each materlal absorbs different uavelengfhs of 1light
Increasing system efflciency. To provide the 215 kw of power desired by the
GEO statlon, a solar array parasol of 370 square meters will be used.

For one percent of each year a GEQ station Is In the Earth's shadow,
minimal energy must stil!l be provided during this +time. The minimal power
requirements to malintain the radlation shield and provide artificial access
[Ighting are around 50 kw for short perlods of time up to 69 minutes a day
(as mentioned In Thermal Consliderations). Of the lightweight, high powered
optlons for power storage, the flywheel and the hydrogen/oxygen fuel cell were
considered for their Innovative technology and multlpurpose designs. Because
I+ Is a characteristic of fuel cells to produce potable water as well as store
power, hydrogen-oxygen fuel cells were chosen. To provide the 60km hr max imum
energy necessary during darkness, flve fuel cells will be used.

The amount of power needed for GEO station will be kept to a minimum by
using the sun as a |ight source and using radiatlion shielding strategies that
allow the plasma shleld to be turned off some of the time. Artificial
lighting 1Is not required most of the time since light may be directiy pliped
via optical flbers from the outslde to the user with a Solar Light Collector
system. More savings on power occurs due to the fact that the plasma
shlelding does not need to be on all the time, but merely for periods when

radiation Is Intense.
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Plasmon cells.are the newest power technology and will be added +o GEO
station in Its growth period. Plasmon cells turn light Into electricity with
an efflciency of 80 to 90 percent. These super high yleld, 1ight weight power
supplies wlll bring GEQO station's avallable power leveis high enough for
profitabie, ground based consumer use, or use In propulsion systems for
exploratory craft. Free eiectron lasers based at GEO station could heat the
fiulds of a power plant on Earth or a propulsive gas on a spacecfaff. The sun
to consumer efflclency of the Plasmon-laser system Is 72§. Such a prospect Is

IImitiess.
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Geosynchronous Space Station : Hardware

I. Introduction
A. Provide a safe habitation environment
1) protection against radlation
2) protection against meteoroids
3) provide adequate power
4) maintaln comfortable envIironment

B. Provide excellent work environment
1) Facllltlies for satellite repair
2) Manufacturing facilities
3) Docking facilitles
4) Free flyers for scientiflic applications
5) Communication facllltles
6) Innovation opportunities

C. Design considerations
1) Modular design
a) easy assembly In orbit via shuttlie and OTY from LEO
b} allows for future expansion and fabrication on-orbit
2) Flexibllity of designs
a) allow medification for different types of work
b) allow for Incorporation of new technologies
3) Use LEO designs to degree possible
a8) general structure of lab and habitation modules
b) radlators
c) docking facilitles
4) Design statlion to be relatively autonomous
a) reduce operational costs
b) provide testing of technologlies for long-term missions

11. Hardware Components for Safe Habitation Environment
A. Radlation
1) Radiation In GEO Is dangerous
a) Yan Al len belt background radiation Is high and has HZE particles
b) Solar flare activity can produce particularly high levels of
radiation
c) Shielding Is only practical means of protection
2) Bulk shlelding
a) Minimal wall structure of station wil| adequately shleld
enyironment 70% of the time
b) Tremendous weight Increase required to shield safety 100§ of the
time (for long missions and total exposure indices)
3) Plasma shielding
a) superconductors In shape of torus would establish magnetic field
b) electrons ejected from station form plasma cloud In magnetic
fleld fo provide effective shleld
c) advantages
1) significant weight savings
11) shleld can be turned on or off as needed
111) effective for other planetary radiation levels
d) disadvantages
1) EM communications through clouds are difficult (laser
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communlcation works)
11) plasma cloud forms high radiztion area and danger for EVA's
unless carefully controlled

B. Meteorolds

1) Meteorolds are dangerous In GEQC
a) travel at high veloclty (10-80 km/sec)
b) sporadic meteorolds have no preferred orbit Inclination - meteor
showers occur at Inclinations less than 30°
c) GEO station can expect Impacts of particles 2 mm or greater each
15 years - smaller particles more frequently
2) Methods to reduce danger of impact
a) Reduce overal| exposed surface area
b) Reduce area exposed In high risk dlrections
c) Provide emergency bulkheads between modules
d) Provide two Independent accesses to each module
3) Shield to prevent meteorold penetration
a) bumper shleld design
1) outer thin wall (1.0 mm thick positloned 200 mm from station)
vapor Izes meteorold upon penetration
11) outer wall of statlon easily deflects diffuse meteorold vapor
b) shlield to be made of Kevlar
1) high shock compressibility to Insure vaporization
11) less bumper eroslion (l.e., smaller holes are produced In
materlal and holes are easlly repaired)
111) rigldity allows ease of attachment of shleld to statlion
4) Additional measures
a) provide thicker or additional shields In high risk directions
b) provide passlve shleld or "bunker™ area for emergencles
C. Power
1) Energy requlrements
a) 50 Kw min!mum malntenance power required
1) 40 Kw for plasma shield
11) 10 Kw to sustaln station
b) 200-250 Kw during peak usage (full usage)
1) 40 Kw for piasma shield
11) 50 Kw for CELSS
111) 110-160 Kw for operations
2) Solar arrays deslign
a) suggest Cassegralnlan concentrators with multi-band-gap cascaded
cells
1) anticlpate 75Q w/m?
11) require 300 to satlisfy needs
b) locate along toroldal axls outslide area of concentrated plasma
c) use to shade station from sun
1) shape In form of hollow octagon
11) shading one module requlires 84 m2
~ only four modules shaded by required array
~ use alufoll to shade additional modules
d) plasmon cells should be evaluated and developed for future use
3) Fuel cells (50 Kw)

a) Provides energy when solar arrays are Inoperabie
1) during slowdown phases
11) 1f solar arrays fall
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b) provides pure water for drinking, cooklng etc.
1) must operate 90 min/day to produce 25 kg of H,0
c) Recommend storlng 200-300 Kg each of Hy and 0p
i) can supply energy during emergencles )
11) easlly supplies enough energy during slowdown phase

D. Thermal Hardware
1. Considerations
a) If uncontrolled, station will heat excesslvely durlng sun phase
b) statlon will cool excesslvely during slowdown phase
c) active measures requlred to accommodate range of heat transfer
(heat pump)
2. Design to handle slowdown phase
a) passlive methods
1) meteorold shield will help prevent radiative loss
11) mylar Insulation wil! further reduce heat loss
b) active methods -
1) use heat produced by fuel cells and dIstribute through station
11) heat station to maximum prior to slowdown phase
111) store heat In station water prlor fo slowdown phase
3. Design to handle sun phase
a) passive methods
1) use solar arrays and alufoll to shade station
b) actlive methods
1) use heat radiators to dump heat Into space
- heat transport to radiators pumped through heat plpes at high
temperature gradients
- use Improved Chevron fin_radiators from LEO
- require 160 at | Kw/m?
- Chevron fins protect heat plpes from meteorolds
11) buffer short-term excess heat production by heating station
storage water

111, Hardware Components for Work Environment
A. Satellite repalr shop
1) Pressurized module with direct access to hangar via alr lock
2) Capabie of repairing electrical and mechanical satelllte components
a) well equipped with tools
b) computerized machine capabliiities
¢) tools and processes for producing electronlc components Including
integrated clrcults (VLSI)
3) Computer workstation with communication to Earth to allow programming
of machine tools
4) Located outside reglon protected by plasma shlelds
a) not readily accessible during times of high radiation (25§ of total
time)
b) might use special sults to access area even during high radlation

B. Hangar
1) Nonpressurlzed but safe working area durlng normal! background
radfation
a) large hatch at one end
b) storage area for retrieved satellites and free flyers
¢) starting point for extra vehicular actlvity
2) Made from spent |lquid hydrogen tank of shuttle
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c.

D.

a) attached to dockIng tunnel outside reglon protected by plasma

shleld
b) repalr shop module located at one end

Storage bay
1) Nonpressurized large storage
a) water
b) gases Including Hy and O, for fuel cells
c) llquld coolant for plasma shield superconductors
d) extra foodstuffs
e) raw materlals for menufacturing (debrls, old satelllte components)
f) spare parts, etc.
2) Made from spent shuttle tank attached to docking tunnel

Free flyers
1) Communications antenna
a) plasma shlield provides barrler to direct electromagnetic
communication
b) free flyer substation communicates with Earth and other satel| ites
normally and with GEO station viz laser beam
2) Sclentiflc free flyers
a) observatorles
1) long perlods of unobstructed views
11) no atmosphere to disturb measurements
b) large synthetic aperture produced from two wlidely spaced
satellltes ‘
3) Other free flyers
a) gravity module (discussed In habltation section)
b) phased array radar satellites (discussed In meteorold protection
sectlion)
¢) robots and satelllte retrieval systems

1V. GEO Statlon Llving Areas

A.

B.

Modular deslign
1) Use modular approach applled In LEO
2) Four modules provided initially
a) house |lving quarters
b) central control area
c) CELSS components
d) exercise facilities
e) leisure and recreation faclilities
f) labs and work areas
3) Expansion within torus to easily Include elght modules - l|ayered
second torus would a2llow further expansion

Internal design to emphasize physical and emotional comfort
1) adequate space

2) sound proofling

3) flexibility In arranging personal quarters

4) color, llghting, temperature, etc.

5) communications with Earth systems
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NOTES:

If Clean Drinkling Water Is a Driver:
there must be 25 kg water/day so therefore the fuel cells must dlscharge
90 mins a day, they must zlso charge 153 mins a day. (50% off In charge)

Plus:
The statlon Is In the shadow of the earth for apx 3826.66 minutes/yr

For:
A grand total of 365 x 153 + 3826.66 = time on batterles/yr.
59671.66 min/yr = 11.3% of the time

During this time:

Statlon pwr regs are 50 kw 30% of the pwr which [s otherwise provided.
Batterles operate at 50% efflclency so 11% need !/3 of twice the normal
operating power, or 7.5% of all power must be diverted from arrays to
batterles. Or, array size must Increase by apx 7.5%.
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CELSS

There are several Important factors to conslider when designing llife
support systems for the GEO statlon. First and foremost, the fgaslblllfy of
deep space exploratory spacecraft or lunar and planetary bases hfnges on the
successful demonstration of an autonomous space statlon ecosystem. The GEQ
station would provide an unprecedented opportunity for the design, development
and testing of a full scale "mock-up" of a Controlled Ecologlcal Life Support
System (CELSS) in a microgravity environment. Second, the operational realm
of the GEO station, compared to LEO station 1Is unique; the radiation
environment is severe, partly due to the prevalence of high charge and energy
(HZE) particles, and the statlon remoteness Is extreme. Establlishing the
highest degree of station Independence possible, through the use of a
CELSS, would help malntaln a comfortable and secure atmosphere for crew
members., Further, proving that a CELSS could thrive under such harsh
environmental conditions would be a significant stepping stone for future deep
space misslons. Flinally, the economic considerations of a CELSS are not
without merit. Once establlshed, a CELSS maintalns a constant mass baliance
throughout the station; food, water and atmosphere are contlnuously
regenerated. In contrast, sustaining a crew by resupply requires exorbitant
station storage capabliities and exceedingly high payload costs due to the
replenishment of heavy materlials such as water. Thus, although not absolutely
essentlal for the success of a GEO station, a CELSS would be a loglcal next
step In the ongolng development of Innovative technologies for a manned
presence [n space,

What are +the materlals which need fo be considered for recycling iIn a
CELSS? ldeallstically, everything In the GEO station must be considered a

candlidate for recycling. In practice, however, sollds, Illquids and gases
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generated by crew members and other biological organisms will comprise +the
bulk of materlals In a CELSS loop. Regenerating such materials Into usable
forms Is not trivial; phase separation and fluids management, for example,
pose Intricate processing questlons. Assuming such processing problems can be
overcome, there wlll continue to be other cruclal [ssues [nherent to a GEO
CELSS which must be addressed. How can the depletlion of essentlal nutrlents
from the system be minimized? How can the accumulation of toxIns or the
converslion of substances Into nonusable forms be avolded? Current approaches
to these issues typically involve the Introductlion of "cheating vectors™ into
a CELSS. Obvlously, however, heavy rellance on cheating vectors themselves
wlll ultimately defeat the system. What, then, can be done to preserve the
long term viability of a CELSS? Deiving Into the agricultural domein, a
proven approach to these not so unlique [ssues Is apparent; the method of "crop
rotatlion™. This procedure Involves +the use of dlifferent plant specles
(alfalfa, clover, Ilegumes and nuts are common In agriculture) fo replenish
fixed nltrogen supply, revitallze growth media and ellminate parasitic
contamination. In stark contrast to the disrupting external manipulations of
cheating vectors, a crop rotation scheme can be readily Incorporated Into the
constant mass balance of a CELSS. Such a2 scheme needn't stop at simply
malintaining status quo however. An appropriate selectlion of micoorganisms and
higher plants for rotation within a GEO CELSS could lead to enriched nutrient
supply, enhanced crop productlvity and a wide varlety of nourishing crops for
the Inhabitants of the station.

Success of a GEO CELSS is further contlingent upon the shrewd design of
its varlous hardware components. The closed nature of the system mandates an
efflclent, conservative use of avallable materials. The aeroponic method of
growing higher plants was therefore discarded In favor of hydroponics due to

the grossly Inefficlent manner In which nutrlent solution Is dellvered +to
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roots. Similarly, the consliderable weight of sofl (payload cénsideraffons)
and Its Innertness or Inability to be used elsewhere In the system makes soil
prohibitive as a growth medium. Overlappling station systems or CELSS system
components Is an excellent strategy for using materlals eff.lc!enﬂy and
conservatively. For example, fuel cells were chosan as a backup power source
for the GEO station not only because of thelr rellabllity but also because of
the abillty of +the cells to produce highly purlfied water. In the waste
treatment process, microorganisms used as catalysts In the biological
breakdown of wastes were chosen based on appllicabillty to the crop rotation
scheme (bacteria which fix nitrogen) and potentlal use as a food source (the
fungus Agaricus bisporus Is the common mushroom). One final design criteria
for the CELSS hardware Is simplicity; ?he system should be "user-frlendly".
Automation and smart robotics will be Integrated as much as possible Into
CELSS In order to alleviate the burden of tedlous system maintainence from

crew members.

Eood Processing

Spending a relatively long (6 months) period of time -In a closed,
microgravity environment far from home will obviously place many stresses upon
the crew of the space station. Simple pleasures could make all the difference
between having a happy, productive crew, or a bunch of astronauts counting the
hours until they return to solld ground. One of the basic pleasures of |ife
Is eating. Another, for some people, is preparing a speclal meal. On GEO we
will grow both unicellar and some higher crops (soybeans, rice, greens). Some
of these products of the CELSS system, though very nutritious, are not
readily accepted foods. The food served to the crew should look and smell
appetizing, have a normal texture, and be varled from day to day. Therefore,

deslgning an efficient food processing system for the space station now,
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and for space fravel in the future, Is a necessity.

The system should have the capability of handling a varlety of higher
plants as well as single cell proteln sources (algae, yeast, bacterla, fungus).
Simplicity and |ightwelght are essential assets, with nolse and ofher types of
environmental pollution held to aminimum. It should be possible, using
robotics, to design a fully automated system which has connections to +the
plant harvesting unlts and waste processing system. Crew members could +then
use this system to create thelr own speclalty dishes. Simply from soybeans and
single cell proteln sources, for example, several different types of food can
be produced. Using different flavorings and food colors, meat analogs can be
made which look, taste and smeil |ike chicken, tfurkey, or even shrimp. Soy
flour could be used to make breads, pasta, etc. and oll can be extracted from
the beans to be used In food preparation. These foods, along with the other
vegetables and fruits grown In the space statlon, could meke for some
interesting meals.

Biomedical Aspects of GEO Space Station

A geosynchronous space station would represent a large step in moving
from an era of space exploration to an era of space exploltation. As such, .
the people who |lve and work at the station most |lkely will not be the rugged
astronauts of the past but rather physically ordinary indlviduals who possess
special skills In communications, satel |l 1te repalr or scientific research.
Health conslderations must evolve to ensure more than Just survival of the
space statlon Inhabltants; good health along with physical and psychological
comfort must be emphasized.

Ensurling good health in the geosynchronous station represents a chal lenge
because of large amounts of radiation, the degeneratlive effects of

microgravlty, Isolation for long perlods of time at relatively large distances
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from Earth and potential difficulties of a CELSS., Radlation ;hlelds have been
desligned to ensure protection even during eplsodes of large solar flare
activity., Health monitoring will be emphasized to allow early detection and
treatment of any health problems. Such monitoring will be set up toobtein
detailed Information while disturbing the asfronauts as |Ittle as possible.
Capabli|itles for emergency mediclne will allow for the handling of virtually
any crlslis,

One way to solve microgravity related problems is to provide artificial
gravity by spinning the station. To spln the whole station, however, would be
structurally difflcult and would defeat the advantages of manipulating
satel | ites and other large structures In microgravity. In addition, data do
not currently exist to allow optimization of spin radlus and velocity. As a
comp lement to the maln sfa;}on, a gravity module has been designed. This
module will provide a stie for health malintenance, emergency mediclne,
Interactions with CELSS, research and gravity readaptation and quarantine.
The gravity module has been designed with variable spin radlus and anguler
veloclity so that optimal parameters can be determined. By having
gravitational and microgravity environments side by slde, research can be done
to determine the desirabliity of using artificlal gravity for deep space

missions.
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G t S Statlon : Habitat] - -

l. Introduction
A. Living and working in a geosynchronous station
1. Initlal crew of 10 peopie
2. overlappling expertise of crew members
3. emphasls on habitation rather than simply surviving
B. Activities In GEO
1. work related actlvities (9-10 hours/day)
a. satellites and communications
1. GEO orbit Is clogged with useless satellltes and debris
11. station would retrieve and repair satellites == correct
faulty orbits; upgrade satellites; clean orbit
111, GEO statlion can serve as a base for construction,
operation and repair of a GEO based antennae form
b. sclence based actlivities
I. space based Investigation
- geophysical
~ astrophysical
- astronomy
- |ife sclences
11, applied space based Iinvestigations
- materlals
- solar cell technology B
- englneering R&D
c. materlals manufacturing and processing
1. on board capability to manufacture materials for
sate!l | ite repair and refitting
1l. lunar materlals easlly accessible for manufacturing needs
d. survelllance/milltary
. monitoring of Earth's surface, atmosphere and
communications
2, "Living" related activities (14-15 hours)
a. eating/food preparation
b. health maintenance and support
l. exerclse
11. monitoring
¢. station maintenance and support
l. robotics should minimize crew Intervention In basic
ma intenance
d. lelsure time/sleeping

It. Controlled Ecological LIfe Support System (CELSS)
A. Introduction
1. What Is a CELSS?

a. A controlled ecologlcal |ife support system is a system
which contalns al | the processes necessary for transforming
wvaste materlals Into energy enriched foods, and back into
waste material.

b. Both endogenous biologlical processes and human engineered
processes are requlired.

c. Although energy may flow freely through the system, mass flow
In and out should be reduced as much as possible.
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2. Why have a CELSS?

a. Because of the high altitude (22,236 mlles) of a GSO,
resupply Is costly., [t has been estimated that for a 10
member crew In GSO, CELSS becomes cost effective for tours of
3 months and longer, Since we are considering 6 month periods
between crew changes and resupply, a CELSS becomes cost
effective,

b. A GSO space statlon would be a loglcal place to develop and
refine CELSS technology. Such technology wil| be necessary
for long term manned missions into the solar system, as wel|
as for manned bases on planets, moons, asterolds, etfc.

c. CELSS technology will further our understanding of ecosystem
dynamics. This wil | be Important for earth based probliems
ranging from the preservation of existing ecosystems to
provliding for the food and waste dlsposal needs of a large
(growing?) world population.

B. CELSS considerations/difficuitles
1. Materials which need to be conslidered for recycling In CELSS

a. sollds such as feces, Inedible biomass, food processing
wastes and uneaten foods

b. |Ilqulds such as urine, spent nutrient solutions and spent
wash water

c. gases such as oxygen from plants, carbon dioxide from crew,
excess heat and water vapor

2. Materlals which require special consideration

a. Toxins

lI. one of the primary difficultlies In a CELSS is the
production of substances toxic to people and/or plants.
For example, some algae give off toxlic gases such as HCN,
NO compounds and volatile amines or ammonia. Although
such substances are generally released In minute
quantitlies, In a closed loop system toxic levels are
eventual ly reached.

b. Nonusable forms of compounds

Il. another dlffliculty with CELSS Is the conversion of
elements Into molecular forms (l.e. ash, nitrogen,
various salts, etc.) that, while not necessarily toxic,
cannot be easlly reclaimed by the system. Even If
conversions are smal!l and slow, In a cycling system
large amounts of mass wil| eventually end up in nonusable
forms and the system will fall.

3. Control problems

a. In reducing a bloregenerative system down to only a few
processes, much of the normal buffering capacity is lost and
systems often fail because of process control difflcuities.

C. Approaches to CELSS :
1. Agricultural approaches

a. crop rotation

f. In soll growth media, succeslve generations of crops tend
to leach nitrogen (nitrites) from soil

Il. a "™crop rotation™ scheme Is commonly used in agriculture

to replenish nitrite supply and revitallze soll

I11. using crop rotation In a CELSS could similarly maintain
the viabll ity of the system by preventing the depletion
of Important nutrlents
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Iv. more Importantiy, crop rotation In a UtLd> could serve To
enrich nutrient supply and thus enhance crop productivity
b. crop selection/criterla
l. there are several different considerations which dictate
the selection of CELSS "™crops" :
it. compatibility with crop rotation scheme ,

- certaln types of plants are commonly used In
agriculture for crop rotation : alfalfa, clover,
legumes and nuts

- microorganisms could also play an Important role in
me ntaining CELSS viability : some blue~green algze
fix nitrogen; many speclies of bacterla fix nitrogen

i11. ™nutrient" requirements of crew - this Includes adequate
production of oxygen as well as food supply

- many microorganisms have a high protein content :
algae (all types) average 508 protelin while fungl
typically contaln approximately 40§ protein

- higher plants such as soybeans and spl [t peas are
also high In protein although not as high as
microorganisms

- crops (microorganisms and higher plants) will
produce approx!maf:}y 25 |/m“/day of oxygen and
assimilate 23.8 |/m“/day of carbon dioxide

Iv. growth considerations

- algae requlire speclal harvesting equipment to
separate blomass from nutrlent solution

- higher plants can not have extensive, complex root
systems or fragii constitutions - growing peanuts
and corn would be el iminated ( mostly based on root
structure ); also wheat poses many processing
problems

- crops should be hearty and not extremely sensitive
to changes In nutrient solution or |ighting (should
be able to survive with artificlal |Ight) = clovers
are typically vigorous growers with crop rotation
overlap :

v. storage capabl| ity

- 1t Is absojutely crucial that crops can be stored
for long term use

- algae and fungl can be stored In a spore stage for
more than a year; matured algae can be freeze-dried

- higher plants such as soybeans, rice, potatoes, peas
and beans can be stored once processed = 2ll plants
can be stored initially as seeds

vi. palatabil ity

- 1t Is llkely that crew morale would suffer on a dlet
of unidentifiable green mush - food variety Is an
Important consideration

- splices and other flavoring crops such as onions and
garlic should be Included In a CELSS

- +the fungus Basidlomycetes (common mushroom) can be
grown in adverse conditlons (waste management
overlap) and would also provide flavoring

- "interesting" crops with I|imited storage capabil ity
could be included : tomatoes, cabbage, broccoli and
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strawberries
- white clover, used for crop rotation, could also be
exposed to a special GEO bee population for honey
production
2. Waste management approaches
a. wet oxidation
l. sollds (or large organic molecules) can be decomposed
using high temperatures and pressures typical of wet
oxldation
11. pathogens are destoyed In exftreme temperature and pressure
conditlons somewhat too oxygen intensive for regular use
(purification)

b. electrolysis
i« purlfication of spent nutrient liquids

¢. actlvated sludge system
I. microorganisms are typical ly used as catalysts In the

bfological breakdown process (bacteria, yeasts, fungi and
protozoa)

11. many bacterla species (i.e. polymyxa, N. winogradskyl)
potentially useful to activated siudge system fIx nifrogen

i1l. fungus such as Agaricus blisporus (common mushroom) can be
grown on sludge (and used as a catalyst) and provide a
food source -

D. Hardware components of CELSS
1. Algae growth chambers

a. These chambers will be spun at low angular velocity during
growth phases in order to remove metabol lc by products and
to Introduce nutrlents. Higher spin rates will be used to
harvest algae solution Into gas, liquid and solld phases.

b. Although the number and size of chambers have not been
decided on, approximately 15 kg of algae must be held under
adequate |ighting and nutrient conditions In order to provide
enough food and oxygen for the crew. This is in the absence of
higher plants.

2. Higher plant growth chambers

a. |In the absence of the algae system, a higher plant growing
area of approxImately 165 m? is needed to provide crew with
nu;EIenfs. 10 separate growing chambers of approximateliy

each could then be envlisioned. At 150 watts/m“, the
total power requirement would be approximately 25 kW. This
area of plants, however, would only produce approximately 6 kg
of the approximetely 7 kg of oxygen needed by the 10 member
crew.,
3. Food processing
a. General requlirements
l. keeping processing equipment simple and |ight weight
while maintalining versatility
i1. finding, or constructing, rellable equipment that
requires a2 minimum amount of malntenance and provides
max Imum automation
I11. keeping nolse and chemical pollution to a minimum and
safe level

b. Processing of soybeans, SCP and rice

I. soybeans = products :
- soy flours, grits
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proteln IsolaTe -
tofu

11. soybeans = processes :

the steps In the productlion of soy flours and grits
Include cleaning, drying, dehulllng, cracklng,
flaking and cook ing

to produce textured soy protein, soy flour Is mixed
with water ( and flovorling, colors, nutrlents, etc.)
and then passed through a cooker-extruder

to Isolate soybean protein, flakes are extracted In
tanks containing water or mild alkelIne solution.
Extract Is then acidiflied to precipitate proteln
Into a curd, which Is neutrallzed with NaOH and
spray dried.

to make tofu, beans are washed and then blenderized
with boll Ing water for a short time. The mixture [s
steamed for 30 minutes and then flltered through
mus ! In bags producling soy milk. The curd Is
precipitated by adding 0.2% CaSO4, placed In hoops
and pressed overnlght at 1 psi.

111, Single cell proteln - products :

scp from algae and bacteria Is best used to produce
meat analogs which can be flavored to taste | ike
turkey, beef, shrimp, etc.

iv. Single cell protein processes :

v. Rice

vi. Rice

fermentation of cell culture, possibly using food
wastes as a substrate

heat shocking to ki1l cells, which are then cooled
and Incubated for a couple of hours

separation, by centrifugation, of cells from waste.
Cells are then washed

disintegration of cell walls using Impact~cell mill.
The scp Is then elther concentrated, dried and
packaged or further processed

nuclelc aclid removal, using endogenous RNase

the protein water mixture Is extruded using one or
possibly two extruders. Volatile flavor precursors
and water vapor are flashed off during this step. A
dense, meat=-|lke product emerges

- products :

brown rice, with bran layer Intact

white rice, with bran layer removed, would require
more equipment and be [ess nutritlious and therefore
not worth producing

- processes :

cleanling

rice Is passed through a sheller to remove hulls
fanning maching removes dust and husks

the rice Is usually passed back through the shel ler
to make sure all| hulls are removed

c. Use of by products
l. waste materlals - some wastes, such as those produced In
soybean processing, contain sugars and other substances
which could be recycled and used, for example, as a
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substrate for growing bacterla
i1. heat - heat Is produced at several points in the
processing and, If a suitable means of entrapment Is
found, could be stored In some manner or used to produce
electricity - could be tImed to colncide with station

shadowing
d. Energy requirements
I. a very rough estimate Is 1-2 kW needed for food processing

4, Storage Tanks

a, raw gas, lliquld, biomass, seed and spore storage

b. enriched or puriflied gases, liquids and processed foods
5. Waste dlsposal units

a. crew waste col lector - probably want at least Z for 10 person

crew

b. wet oxldation system
1. requires high temperatures and pressures to operate

11. existing unit slze capacity 27.9 kg - at least 2 would be
required with a total power usage of 570 W
c. actlivated sludge system
i. reactive tanks would have to be designed for microgravity
environments
11. microorganism specles should be chosen so as to be useful
for other par?s of CELSS (l.e. bacteria which would fix
nitrogen) —
111. energy requlremenfs of sysfem would be minimal
iv. system has slow turnover time and does not adequately
decompose certain organic molecules - system would have to
be coupled to another waste treatment process such as wet
oxldation
6. Other purlfication and monltoring hardware
a. Gas separation unlts
i. CO removal - 1047 W power requlired
11. CO» reduction - 190 W power required
11t. ca%alyf[c oxlidlzer = 572 W power requlired
Iv. may store enriched rather than pure gases
b. Water purlification unit
I. electrolyslis system - approximately 53 kW power required
c. monitors
1. water quallty monltor - 40 W power required
11. atmosphere monltor = 300 W power required
d. miscellaneous
1. dehumldiflier
11. odor control via activated charcoal filtration (available

from oxldatlion)

I11. Blomedical Aspects of GEO

A. Introduction
1. Effects of GEO environment on health

a. Radiation
1. Radlation exposure can cause many health problems depending
on dose recelived
- acute effects of large doses are well known
- chronic effects of lower doses Include Increased risk for
cancer and reproductive problems
11. Radlation In GEO far exceeds current acceptable levels for
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radiatlon exposure (Table)
1il. Adequate shielding from radliation is only known means for
preventlion problems
lv. HZE particles deserve special attention
~HZE particles are unique to space environment at GSO
-1 1+tle research has been done on this type of radiation
(l.e., health effects of HZE particles are unknown)
-particles are much larger and more energetic than other
forms of particle radlatlion (it might not be possible to
extrapolateeffects of HZE particles from effects of other
radifatlion types)
-due to nature of particles, shielding Is difficult
b. Microgravity :

1. Many physlologlical changes result upon entering a
micrograv ity environment which can be grouped Into varlous
categories
-adaptation responses that appear to have no health
consequences (e.g., fluld shifts, blood cell loss, etc.)
-Changes that cause health diffliculties but are temporary
(e.g., space adaptation syndrome)

-Changes that could cause problems and are not temporary
(e.g., musculoskeletal degeneratlon, cardlovascular
deconditioning, etc.) .
11. For long term stays In space, 1t will be most Important to
prevent changes grouped into the last category
B. Health Maintenance
1. Monltoring
a. Emphasis will be placed on providing timely warning of developing
problems to allow time for preventive care
1. Pathology = strategles should be Implemented to detect
Infectlous agents before any or all of the crew become 111
11. Toxlicology - detection of toxins produced by CELSS or statlon
components would allow prevention of further exposure
11l. Radlation - determination of exposure levels and monitoring

health effects will provide necessary Information to make
declisions on further al lowable exposures for individual crew
members

Iv. Metabo!lism = Interaction with CELSS to monifor adequate
nutritional Intfake
v. Physiology - consldering the effects of microgravity, It
wil | be Important to monltor physlologlcal changes (e.g.,
muscle deterlioration, cardlovascular decondltlening,
etc.)_
b. Monitoring strategles
i. Frequent analyses of crew urine and feces
[1+ Dosimeters to monitor radiatlion
111. Infrequent blood samples
lv. Physiological testing (e.g., strength, endurance,
cardlovascular fltness)
2. Protocols for health malntenance
a. Exerclse
1. Exercise can prevent and reverse degenerative effects of
microgravity
11. Equlpment selected should be based on LEO experience
- equlpment should be efficient (l.e., produce desired effects
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with minimal time spent on activity)
- equipment should be versatile (l.e., allow the crew to
declde the best types of exerclises)
-~ provide exerclse facl Ity as enJoyable to use as
possible (aerocblcs)
b. Pharmacological Interventions ,

l. Certaln drugs might be able to prevent undesirabie effects of
microgravity (e.g., clodronate disodium has potentlial In
preventing bone calclum loss)

11. Hormone Interventions also might be useful In preventing
deterloration of muscles and bones
I11. As with exerclse, It Is anticipated that LEO experience wil|
be valuable
c. Nutrition _

T. nutrition should be optimized based on CELSS capabillities

- monltoring can provide feedback
li. dletary supplements, such as calcium might be useful
d. Gravity supplements
I Temporary stays In the gravity module should signlflcantly
reduce problems of microgravlity
1i. Indlviduals showling excesslve deterloration not responding to
other protocols could spend extra time In gravitatlonal field
111. Routine episodes spent in gravity module (e.g., 2 days every 2
weeks) might be deslrable (both physlologically and
psychologlcally)

C. Emergency Mediclne

1. Extenslive equipment shou!d be Included that effectively dup!licates (on
a small scale) a hospital emergency ward

2, Medlcal ward would be located In the gravity module
a. Speclal microgravity equipment would not be necessary
b. Recovery for some Injuries (e.g. bone breaks) might be Improved in
a gravitational fleld
c. Crew member with Infectious !lliness can be Isolated away from maln
station and remalning crew

D. Gravitational Module

1. Design of gravity system
a. System wlil have variable radius (15-30m) and varlable spin rate
(0O-5rpm) for research and optimization purposes
b. Two modules will be Included Inltially expandable to four or more
c. System can be spun up or spun down at any time and docked wlith the
malin statlon - counter spun wheel will provide mechanism for
convenlent spin up and spin down

2. Gravlty system will have many uses
a, Health maintenance - physiologlical and psychological beneflits as
discussed above
b. Emergency medicline - use of standard equipment, etc. as dliscussed
above
c. CELSS - some organisms might have critical development phases
requiring gravity to grow, some might grow faster, etc.
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d. Research
l. varfable spin radius al iows for testing many dlfferent
gravity environments on such things as
- embryology
- CELSS components
- physlologlcal responses In space
- [nteractions with radlation
- etc.
11. gravity module would provide a good iocation to keep
plants and animals used In life sclence research
111. testing faclllty for long range missions using artificial
gravity
e. Readaptation and quarantine - provide facll Ity for returning
misslons from deep space to quarantine crew and help them
readapt to partial gravity prlor to return to earth
1. vacation area for crew members

1Y¥. Psychological Conslderations
A. Introductlion
1. good psychological state leads to higher productivity,
creativity, good crew Interactlions, etc.
2. poor psychological state may l[ead to loss of motivation, poor
health, problems at home and with crew [nteractlions, etc.
B. Sources of problems
1. tonliness = 6 month rotation perlods isolated from frlends and
famlly may lead to feellngs of loss of control over sltuations at
home. Lonl!lness may be exacerbated by extreme dlstance from home
2. stress - there are many potentlal sources of stress on station :
a. personallty confllcts with crew members
b. inabllity to get away from the job
c. lack of varlety In diet, recreation, Job, etc.
d. frustrations from equipment fallures, bad data, etc.
3. boredom
C. Posslible preventive measures
1. Design of |lving spaces
a. modularity of furnishings
b. flexibllity in textures, colors
c. acoustical prlvacy
d. personal control of lighting, temperature
e, private communications capablility
f. THAL"™ pc
g. Indlvidual quarters
h. room for personal possesions such as musical Instruments,
artist tools, posters/artwork, etc.
2. Deslign of work spaces/schedules
a. modular - can be rearranged according to need
b. flexIbility In crew schedules
c. separation of work and llving environments
d. varlety of responsibllitlies
3. Communicatlons
a. open access to home
b. provide private communications quarters and group rooms
Cc. video communication
d. electronic mall
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4. Preparation
a. train crew together Inltial ly - assess potential problems
before mission
5. Lelsure/recreation
a. llbrary/qulet area
b. microgravity, 3-D game rooms (hangar, halls)
c. velcro darts, magnetic pool tables
d. muslc, movles, home "yv|deo" movlies
e. use of tools and equipment for hobby work - additlonal use of
spare parts for creative Inventions or retrofits to game
rooms, personal quarters, etc.
f. allow abi|ity to prepare meals
6. Health maintenance
a. one crew member should be a physiclan
b. gym equipment
c. flexibllity In health/exercise routine - provide ability to
devise Indlvidual equipment (use of large hangar spaces, etc.)
D. Posslible solutions ‘o problems ,
1. artificlal gravity environment
2. on-board "vacation®™ - days or week off

Y. Conclusions
A. Summary of GEO habitatlon
1. Holistic habltation = Thls summary will emphasize the underlylng
theme of a space statlon crew which will be doling much more than
Just surviving. Crew members are |iving and working In relatively
spaclious quarters. They are actively involved In dlversse,
Intel lectually stimulating activities, with plenty of time left
for privacy, recreation, sleep, etc... CELSS derived food Is very
palatable and the dlet has variety.
B. The future of the GEQO station
1. Expansion
a. It is envisloned that 5 years fol lowlng the Initial {aunch
date of 2005, the crew size wll! be Increased to 15-20
members. Station size wil| be Increased accordingly by adding
more cylIndrical habitation modules.
2. Emphases
a. after 5 years in orblt, 1t might be expected that survival

actlvities and satellite repair will level off and that
manufacturing ( for staging purposes ) and scientific
activities will increase.

3. Stagling Site
a. after more than 5 years In GSO, many of the technologles
developed on the station, such as CELSS, wil| be ready for
use on deep space misslons. Station could serve as a "parking
lot/garage" for deep space vehicles, as a gravlity
readaptation stop, etc. Also, potentlal will exlst for
mob 111ty of the GEO space station, or a GEO clone.
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Automation and Robotics

Two types of robotics systems have already been +e§+ed In the space
environment: the Canadlan robotic arm and the manned maneuveriﬁg unit (MMU).
Both units are essentlal elements of the space shuttle but both are Intimately
dependent upon human control and declislon making. Such human Interactions
with automated and robotic systems are |lkely to persist but In the presence
of ever sophlsticated hardware. Undoubtedly, GEO wil| be one of the major
sltes In the future for the creation of Innovative automated, robotic systems.

In the envisioned CELSS operations it wil| be necessary to monitor the
gas accumulations aboard GEO, Tomalntalin an appropriate atmosphere these
monitors wil| automatically seed growth reactors with nitrogen fixlng
organisms when the nitrogen ievels are too high. At the same time the
nitrogen enriched atmosphere can be pumped into storage for growth reactor use
while simultaneously the atmosphere Is replaced with stored gases of more
appropriate concentrations. All of thls actlivity would require |l1ttle human
Intervention. Unicellular harvests can be accomplished contlnuously through
the use of fluld pumps creating centrifugal forces for both pressure and
density separation needs. Monitors of reactor turbldity levels will signal
the automated removal of cells for storage and subsequent processling.
Processing will involve either entry Into food preparation equipment or re-
entry Into the food chaln of higher blological plants and organisms. Agalin,
l1+tle human Intervention Is necessary except in the user declision of what
types of food ultimetely are to be consumed and when. These user requests can
be automatically translated Into CELSS controls.

In the work module and repalr bays of GEO, satelllite repair and
refurbishing can be alded by robotlc assembly, machining, processing and

handling. 1In addition, an automated facil ity for the productlion of VLSI
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clrcults can permit extensive hardware updating. These capablilities will be
the predecessors to the eventual creation of new space structures and
vehlcles.

A prerequlislite to satelllte repalr and rebullding Is the capture or
recovery of the satellites. For thls purpose an orbital maneuvering vehicle
with telepresent operators aboard GEO wil | be used. To allevlate capture
difflcultles a "purse™ net will be used to plick up a varlety of satel | ltes and
to recover other space debris In geosynchronous orblt. The OMV will direct
net placement and wil | provide towlng both to the work bays and back to the
desired operational orbit. Redundant hardware will be stripped from the
satel | I1tes and wl! | be used for other purposes since neither propulsion nor
gravity hardware wil| be needed In the continued operation of these
satell ites.

The statlon keepling needs wil ! be assigned to flat robotic mechanlisms
that are capable of servicing the outside elements of GEO. Deslignated GEO
slugs for the slow crawling nature of the motlons of these robots, these
devices wl| | repair meteorold damage, add new solar col lector elements, and In
higher forms will create new statlon Infrastructure as well as new generation
space vehlicles.

Overall then, the envisloned systems wil | Include automation aboard,
remote robotics and statlon keeping robotlc slugs. Each of these systems will

evolve as GEO matures and develops.
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Appendix: A

Automation Application

l. CELSS Control System
1. Expert, learning computer systems

a. routine control :
In routine control sltuations, those which the computer can
rectify without human assistance and/or noncritical
sltuations, the computer would sense and correct a mass
flow excess or deflcit. For example, If the oxygen content
of alr to the human envlironment registered low, the computer
would direct oxygen enriched alr from storage tanks to bring
the oxygen content to a pre-speclifled level.

b. emergency control :
in the case of a critical situation, elther sudden or slowly
deteriorating In nature, the computer would react in
accordance wlith 1ts' mathematical mode! of the situation. In
the case of a toxIn bulld=-up above acceptable levels, It
might prepare to rotate crops, but wait for a human
directive before taking action. In the event of detecting a
pathogen In human feces, for example, Immediate and strident
notice to the crew would be given, and system sterllization
upon human "ok" might beglin.

¢. 2 learing computer :
ideal ly, the system utillzed would be capable of
synthes!zIng the data gathered and resulting scenarios into
a series of cause and effect palrs. This new Information
about the system would then be utilized to supplement and
refine the computers model of the CELSS system.

2. Monlitoring Capabilities

a. chemical monitoring :
all signlficant substance concentrations wiil have to be
monitored between all processes. At present, thls seems most
feaslble with spectrometer devises.

b. storage monitoring :
all storage levels must be monitored. For gases, pressure
gauges may suffice; for sollds such as food, electrical
level sensors are feasible.

c. blological monitoring :
monitoring for pathogens and other harmful !lfe Is
essential. This could be accomp!l Ished automatically through
simple robotlcs utlilizing culture dishes. Robotics could
also be used to sample the crew feces and urine, and
relleving them of this unpleasant task.
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3. Robotics In CELSS

a. harvesting :
robotics could be used to harvest the algae after separation
by centrifugation. I+ would also conserve labor In planting,
care and harvesting of higher plants.

b. food processing :
robotlcs would be useful to automate, as completely as
possible, the food processling

c. storage and transfer :
non-fluld substances, such as solid food stuffs, may require
transportation via simple robots where conveyer belt systems
are not feasible, such as withln the storage bay. A robot
here would ensure space-efflclent storage and proper
rotation of stored foods.
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Appendlix: B

System Automatlon and Robotlics
1. Major Task Asslignments

A) Internal environmental controls: atmospheric controls, thermal
regulation, solar collector orlentation, heat radlator control,
power monitoring and distribution, communications routing, radlation
monltoring, fluld management, and customized crew quarters controls.

1) speclalized sensors and system node monitors
11) subsystem control models, permlissive operatlon criteria
111) executive intervention by human operators; system update,
control methods, projections of control modifications and
Implementations, system history and projection of special demands
Iv) ultimate use of self-modlfylng/learning control systems

B) External station controls: operation of plasma shleld, detection of
meteorold strikes, active vibration control, solar activity monitors,
free-flyer monltoring, space debrls monltoring, laser orlentation
for 1ight channel 1ink to antennae farm, sclence and technology user
needs, biomedlcal system monitoring via telemetry, fuel storage,
handl Ing of free flyers, transport systems from hangar to work bay or
machlne shop.

1) sensors and automated reactlive controls
11) system models and telepresence system monitors to "bootstrap”
new system predictions for evolved structures
[11) external robotlc operators for data gatherling, control and
modiflcations/repalrs; new fabrications

C) Speclalty systems: CELSS. Automated operation of (Ife support,
bioreactors, waste collection, proteln-carbohydrate-fat extraction
and storage, analysis and automated Inoculation with appropriate
organism, pressurized storage of oxygen or nltrogen or carbon dioxlde
enrlched gases, subsequent automated mixing of gases for the
bioreactors or statlon atmosphere, collection of potable water from
fuel cells dally, continuous monitoring of actlve/stored biomass
ratios, and automated set up of food processing.

1) gas chromatographic analysls of the total element reserves In
each habltation phase of the station (atmosphere, food, waste
and storage) to assure system balance; parallel bloreactor system
allows reactor shutdown for cleaning and sterlillzatlon; each step
readily automated with exlisting technology

11) contingent upon cellular reactor efficlencles, automated
hydroponic growth of higher plants can be encouraged and more
complex bloreactor uses can include edlble arthropods and fishes
ralsed as meal enrichments; the processing of the plants and
animals will call for the homogenlzation of byproducts for CELSS
reinsertion; each of these steps can be fully automated
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111) using "match-to~sample™ data comparisons with computer—generated
data, warnings can be provided to galin crew Interventlon If the
mismatches are elther too large or too numerous

iv) fuel cell use In the total power needs of the statlion will depend
on pure water needs and will be controllied accordingly except
during statlon shadow periods when automated swiltching to power

priority occurs

v) In view of the rapid progress In genetlic englneering of single
cell organisms, the bloreactors and other components of the
CELSS system should be capable of large modiflications to accept
new organisms and very dlfferent culture needs

D) Speclialty needs: Satel|ite services. Remote localization of
satellites must be supplemented by visualization and space debris
calls for simllar direct visuallzation capablllties, a telepresence
"scout™ OMV of very small size would save valuable propulsion fuels
and would be less |lkely to become a target for wandering debrls; a
satelllte "tug" In contrast would have approplate size and capturing
devices to recover and return any satelllte requiring service - once
the satelllte has been positively Identiflied. When returned to the
station a robotic hangar tender would place the satelllite In a berth
where disassembly of some components for scrutiny In the work bay
will be possible and where machine/electronics needs can be
determined. The automated machining and VLS| capabilities will call
for crew set up time but will otherwise be fully automated. Since
reassembly Is largely a matter of retracling the original disassembly
steps, most of the process can be readily automated.

1) need design of on-orbit scout OMY; efflclent propuision system,
high resolution, binocular sight system vla charged array video
cameras, |lIlghtwelght net capture system for clearing small debrls

11) design of on-orbit tug to be used either as a solo fllght device
or In concert with the scout at the recovery site; net or more
speclflc capture system (determined by scout Information) and
heavy-duty hangar recelving connectors; heavy duty propulslon
system and orbit relnsertion hardware; all these mechanisms
prevent need for EVA around the station In the high radiation
area

[17) hangar area arranged to recelve satellite equipment via rails
+hat switch the equipment to 2 berth positlion that is scaled to
the appropriate size with perimeter mounted robotlic arms and
mechanical tool manlpulators (modest 4 degrees of freedom motion)
coupled with storage (cargo) nets for disassembled hardware. The
manual procedures can be mimicked by computerized motlion
simulators for most of the reassembly.

lv) the service bay will handle more speclalized disassembly and
testing chores with 6 degree of freedom manipulators as well as
autoranging, autonomous diagnostic and testing hardware for the
testing of electronic competency. The work bay will be designed
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to handle direct (and coded, proprietary) telecommunications and
will allow nearly automated repairs from Earth once the hardware
has been approprlately aligned by a member of the crew. At any
time, a crew member could be summoned to care for any
difficulties the remote teleoperator could not handle.

v) substantive repairs on-orbit+ could be handled by the machine or
electronics shops; meteorold damage, launch ruptures etc. could
be repaired or a new component could be constructed and Installed
through designs transmltted from Earth to robotic lathes, milling
machines etc.; In the same way electronlic components could be
fabricated, more than |lkely, for equlpment updating and for
electronics hardening (using galllum arsenide). A VLS! lab would
be easlily arranged to fully protect clrcuit design and other
informatlion that users might consider sensitive.

vl) In each of the above Instances It Is envisloned that automated
and rcbotlic alternatives will arlse; the faclilitles wlill be
developed to the point of fostering Innovative new constructlon
on-orbit complete with state~of-the-art hardware, electronics,
|1fe support, and blomedlcine. Since many users may wish to use
the convenlence of the antennae farm assocliated with GEO, much
satellite hardware will be avallable for salvage and Innovative
new structures. Since all refurbishing will occur on-orblit It
Is llkely that much of the existing equipment and materlal on
satel!lltes can be stripped for other uses; the stripping would be
deslired since orbital reinsertlion activities would be acting
upon smaller masses and less propulsion fuel would be consumed.

E) Speclalty needs: Blomedical. It Is clear that exercise can be a very

time consuming actlivity for crew personnel In a microgravity
environment, so automated systems must be arranged to allow reallistic
amounts and quallitlies of exerclse. Magnetic mesh suits could be worn
and controlled In such a way as to simulate dynamic reslstance work
via computer directed muscle loading; the aerobics could be
accomp | Ished through a wide range of exercises done In the shelter
and size of the hangar and work bay spaces. It Is envisioned that a
wide range of microgravity games could be arranged and that robotic
devices could be Involved, for example, In a three dimensional form
of human plnball. Should the need arise, the artificlal gravity
module could be required for certain amounts of time and at certain
Intervals for each crew person. Since the gravity module would have
the communications and high technology devices common to the station,
the activity of the crew In the gravity module could be a creative
retreat opportunity for both mind and body.

1) need gravity sult design that simulates both isometric and
Isotonic exercises as well as dynamic lcadIng exercises; In an
appropriate EMF area a computer that would alter the fleld
could assure "normal™ amounts of muscle and cardlovascular loads
as well as stimulatlion of venous reclirculation and lymphatic
returns
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11) design of aerobic games package for large spaces and automated
monltoring of the pulmonary and cardlovascular effects

111) provision for Indlvidual and personal facllities In the gravity
module, provide temporary Isolatlon from the demands of the
station, and provide for meximum opportunities at exercise for
both body and mind

Major lnnovation Needs

A) Development of Al Into a user friendly assist capacity

B) Electrostrictive operations of manipulators; blo-composite materlais
C) Development of better optical and Integrative load sensors

D) Development of conservatlve propulslions systems (reclamation)

Automation and robotics wlll be subjugated to crew personnel use and
the activities will provide user friendly models for Earth applicationns

A) Either or arguments will be minimized through "cooperation" models
of automation and robotICs use.

B) Better natural-machlne language communications

C) Wider range of motlion klinematics for robotics

D) Better computer vislon and pattern recognlition

E) Cost beneflt analyses that fuily contrast automated versus manned
actlvities should show that a combined man-robot activity Is the
most effective and most efficient approach to space exploration and
utllization.
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Appendix: C

GEQ STATION SYSTEM OVERLAPS

I. Power Systems

A) Backslde of solar cell array could be covered with "chevrons" and used
for heat dlisslpation.

B) Solar cel| array can be used to shadow the space statlon In order to
cool It.

C) Fuel cells used for energy storage could be Incorporated Into an
electrolysls water purification system for CELSS. Oxygen fuel stores
could also be used In the control of cabin atmosphere.

D) Energy glven off during waste disposal processes can be "extracted"
and stored In fuel cells.

E) 0, stores for fuel cells may also be used as an 0, source during
emergency medlicine.

F) Since fuel cells produce Hy) from molecular O, and Hp, drinking water
would be more psychologfcal%y drinkable.

G) Power systems would have to be maintalned and controlled by robotics
and Al.

Il. Shlelding

A) Meteorold shlelding can also serve as bulk radiatlon shlelding.

B) An emergency radlation bunker, for use during perlods of elevated
radlation fluxes, could be surrounded by CELSS HZO stores for
addlitional protection,

C) Radlation shlelding on rotation module should be manipulatable In
order to study the effects of GEO radiatlon on experimental!l plant and

“animal |lfe.

D) Statlon modularlty, necessary to minimlze damages done by Impacting
meteorolds, has beneflcial consequences from both construction and
psychologlcal standpoints.

E) Shlelds will be maintained primarlily with robotic systems.

111. Thermal Control
A) Heat management, 1I.e., buffering, transport, etc. ..., could be
achieved using CELSS water stores.

1V, CELSS System

A) Crew food source could be supplemented with plants and animals used In
experimental rotatlion module.

B) The effectiveness of CELSS crop rotation schedules could be partlally
monitored with Indicators of crew health and physliology.

C) In addition to beling necessary for contlinuous food production, crop
rotation would allow crew members some control over dlet changes and
would also Invoive them In the plant growth and harvesting processes.

D) Mlcroorganisms used In CELSS as food source could also be used iIn
various manufacturing processes.

E) Many aspects of the CELSS unit will be monitored and controlied with
robotics and Al.
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Y. Biomedical/Experimental
A) Health maintenance and emergency medicline may, I|f necessary, be
achleved In the gravitation module.
B) Experimental gravitation moduie can also be used In "reconditioning”
deep space travelers before return to earth.

Yi. Other
A) Large hangers used for satellite repair and storage may also be used
as large exerclise areas (zero-g gymnasium).
B) Personal communication systems are useful for:
1) transfer of proprietary information (business) _
[1) communication with family and friends (psychologically Important)
111)serve as part of a2 personal computer system to be used as a
private work station, |lbrary, etc.
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